1. Introduction {#sec1}
===============

Kawasaki disease is an acute, self-limited, systemic vasculitis.[@bib1] It is now the leading cause of acquired cardiac disease in children in many industrialized countries.[@bib2], [@bib3], [@bib4], [@bib5], [@bib6], [@bib7], [@bib8], [@bib9], [@bib10] It may induce coronary artery abnormalities ranging from transient ectasia and small aneurysms to giant aneurysms.[@bib11], [@bib12], [@bib13] Prompt diagnosis and timely administration of intravenous immunoglobulin (IVIG) are crucial to prevent coronary complications.[@bib1], [@bib14], [@bib15], [@bib16], [@bib17], [@bib18] Thus, estimating the incidence of Kawasaki disease in acute stages is important for understanding the disease burden and public health policy making.

Incidences of Kawasaki disease in different countries were reported previously.[@bib3], [@bib4], [@bib5], [@bib6], [@bib7], [@bib8], [@bib9], [@bib10], [@bib13], [@bib19], [@bib20], [@bib21] Most of the data were derived from either claims data analysis or hospital surveys. Few countries have a Kawasaki disease registry.[@bib4] The incidence of Kawasaki disease in Taiwan has also been reported previously. Both hospital surveys and claims data from the National Health Insurance (NHI) have been used.[@bib6], [@bib19], [@bib20] However, there are some discrepancies in the data derived from these two resources ([Table 1](#tbl1){ref-type="table"} ).[@bib6], [@bib19], [@bib20] The hospital survey is regarded as noncomprehensive and subject to double counting when patients are transferred between hospitals. As the NHI has been available in Taiwan since 1996 and covers more than 98% of the population,[@bib22], [@bib23] epidemiologic data retrieved from its database are regarded as more reliable and comprehensive. However, previous reports using claims data from the NHI focused on admission with a main diagnosis code of Kawasaki disease. Whether the reason for admission was the acute stages of this disease or not was not well defined.[@bib6], [@bib19] This might somewhat overestimate the disease incidence.Table 1Comparison of incidence, recurrence, and coronary artery complication rates among previous series and this study.Incidence rate [a](#tbl1fna){ref-type="table-fn"}Recurrence rate (%)Coronary artery complication rate (%)Lue et al[@bib20]55---25.8Chang et al[@bib19]661.37.3Huang et al[@bib6]691.57.2This study491.17.2[^1]

As IVIG therapy is covered by the NHI when an acute episode of Kawasaki disease is diagnosed, including incomplete Kawasaki disease, most patients in Taiwan receive IVIG in the initial stage of illness. Therefore, Kawasaki disease in acute stages could possibly be defined by analyzing the use of IVIG. The aim of this study was to estimate the incidence of Kawasaki disease in acute stages in Taiwan, by linking the diagnosis code to medication and comparing the differences in the epidemiological features with those of previous reports that used the diagnosis code alone.

2. Methods {#sec2}
==========

This was a retrospective cohort study. Although the NHI of Taiwan was initiated in 1995, the database for that year was incomplete. We, therefore, searched the National Health Insurance Research Database (NHIRD) of Taiwan to collect patients\' medical records from 1997 to 2010. Files of inpatient expenditure by admission (DD1997--DD2010 files) and details of inpatient orders (DO1997--DO2010 files) were the main resources for data analysis.

For the International Classification of Diseases, Ninth Revision (ICD-9) set, medical records of all inpatients whose first or second diagnosis was Kawasaki disease (ICD-9, 446.1) were retrieved. On the other hand, for the ICD-9 + IVIG set, in addition to the first or second diagnosis fulfilling the criteria for Kawasaki disease (ICD-9, 446.1), we further cross-linked the details of inpatient orders to see if patients were treated with IVIG. Patients were regarded as having received IVIG therapy if their inpatient orders included medication whose anatomical therapeutic classification code was J06BA02. Coronary aneurysm was identified by any discharge diagnosis, including ICD-9 414.11. Recurrence was defined as readmission of patients with a main diagnosis of Kawasaki disease in the ICD-9 set, and readmission of patients with a main diagnosis of Kawasaki disease and receipt of immunoglobulin in the ICD-9 + IVIG set. If two admissions were within 30 days, they were regarded as being in the same acute stage. If two admissions of the same patient were separated by more than 30 days, they were regarded as two episodes of Kawasaki disease in acute stages.

Patients\' sex, age, and date of admission were retrieved. The annual incidence, monthly distribution of patients, sex distribution, recurrence rate, and complication rate were calculated. The population statistics were obtained from the website of the Ministry of the Interior, Taiwan.

According to the NHIRD, data that could be used to identify patients or care providers, including medical institutions and physicians, are scrambled before being sent to the National Health Research Institutes for database construction and are further scrambled before being released to individual researchers (<http://w3.nhri.org.tw/nhird//en/Data_Protection.html>). A written agreement declaring there would be no attempt to obtain information that could potentially violate the privacy of patients or care providers was signed before the beginning of data retrieval. This analysis was conducted for research purposes only. There is no potential conflict of interest. The computer-processed personal data protection law and related regulations of the Bureau of NHI and the National Health Research Institutes of Taiwan were strictly followed. The protocol was reviewed and approved by the National Health Research Institutes prior to data release. The study protocol has also been approved by the institutional review board of Taichung Veterans General Hospital.

SAS 9.1 for Windows (SAS Institute, Inc., Cary, NC, USA) was used for data retrieval and data analysis. Chi-square tests were applied for categorical data comparisons. The Poisson regression model was used for comparing incidences. A *p* value of \<0.05 was considered statistically significant.

3. Results {#sec3}
==========

3.1. Annual incidences per 100,000 children aged under 5 years and sex distributions {#sec3.1}
------------------------------------------------------------------------------------

The demographic data are summarized in [Table 2](#tbl2){ref-type="table"} . The annual incidence rates per 100,000 children \<5 years old are shown in [Table 3](#tbl3){ref-type="table"} . When we calculated the number of patients with the ICD-9 code alone, the incidences ranged from 48.5 to 82.8 per 100,000 children \<5 years of age. The average incidence from 1997 to 2010 was 74.9 per 100,000 children under 5 years of age. When we calculated the number of patients treated with IVIG, the incidences ranged from 21.5 to 68.5 per 100,000 children. The average incidence from 1997 to 2010 was 49.1 per 100,000 children under 5 years of age. There were significant discrepancies between these two sets of data. The difference was more significant in 2003, when a severe acute respiratory syndrome (SARS) outbreak occurred in Taiwan. The incidences declined significantly during the SARS outbreak in the spring of 2003, when we calculated the number of patients by using ICD-9 + IVIG. There were no major differences in sex distribution between these two sets of data. The male-to-female ratio was around 1.7.Table 2Demographic data for study cohort.ICD-9ICD-9 + IVIGPatient numbers131798270Sex [a](#tbl2fna){ref-type="table-fn"} Male8223 (62.5%)5142 (62.3%) Female4933 (37.5%)3116 (37.7%)Age group \*\* 0--1 y4670 (35.4%)3210 (38.8%) 1--2 y3551 (26.9%)2317 (28.0%) 2--3 y1867 (14.2%)1240 (15.0%) 3--4 y1034 (7.8%)606 (7.3%) 4--5 y706 (5.4%)389 (4.7%)Coronary aneurysms894 (6.8%)599 (7.2%)[^2][^3][^4]Table 3Annual incidence of Kawasaki disease in Taiwan (per 100,000 children \<5 years of age) using the ICD-9 data alone or the ICD-9 + IVIG data.YearPopulation under 5 yICD-9 [a](#tbl3fna){ref-type="table-fn"}ICD-9 + IVIG [a](#tbl3fna){ref-type="table-fn"}CasesIncidenceCasesIncidence19971,599,09477548.4634421.5119981,545,889101965.9258337.7119991,507,22193962.3065943.7220001,489,24294963.7263742.7720011,426,75998869.2572650.8820021,350,82987965.0738128.2020031,309,90375457.5630723.4420041,243,93981565.5243835.2120051,144,35582472.0149643.3420061,092,94282175.1268362.4920071,052,58574270.4959856.8120081,026,20680878.7466264.5120091,002,16070770.5558157.972010964,09379882.7766068.46[^5][^6]

3.2. Monthly distribution of patients {#sec3.2}
-------------------------------------

Patient distributions by months are summarized in [Table 4](#tbl4){ref-type="table"} . In calculation of the distribution using the ICD-9 alone, the peak months were May--July. However, in calculation of the distribution using both ICD-9 and IVIG, the peak months were April--June. The discrepancy between the two methods was greater during the summer vacation period (July and August). If only children older than 5 years of age were analyzed, the peak months were February, July, and August in the ICD-9 set. These 3 months are winter and summer vacations in Taiwan. However, in the ICD0 + IVIG set, these two peaks were not seen ([Table 5](#tbl5){ref-type="table"} ).Table 4Monthly distribution of Kawasaki disease patients (all ages) using the ICD-9 data alone or the ICD-9 + IVIG data.\*MonthPatient numberICD-9ICD-9 + IVIGJanuary766485February818539March1036691April1081745May1186782June1186811July1123677August1046679September1015661October969632November841565December761495[^7][^8]Table 5Monthly distribution of Kawasaki disease patients using the ICD-9 data alone or the ICD-9 + IVIG data for children older than 5 years of age.\*MonthPatient numberICD-9ICD-9 + IVIGJanuary9738February14261March11351April11143May13459June9938July15943August14035September10247October9533November8529December7431[^9][^10]

3.3. Recurrence rate {#sec3.3}
--------------------

When ICD-9 alone was used as the indicator of Kawasaki disease, about 5.52% of patients had more than one episode of this disease. However, when both ICD-9 and IVIG were used as indicators, only 1.16% of patients had more than one episode. The distribution of recurrent episodes is summarized in [Table 6](#tbl6){ref-type="table"} . The cumulative recurrence rates estimated by two definitions are depicted in [Fig. 1](#fig1){ref-type="fig"} . The 5-year recurrence rate calculated by the Kaplan--Meier method was 1.1% for the ICD-9 + IVIG set and 4.5% for the ICD-9 set. The median recurrence time was about 401 days for the ICD-9 + IVIG set and 313 days for the ICD-9 set.Table 6Number of recurrent episodes per patient number using the ICD-9 data alone or the ICD-9 + IVIG data.ICD-9ICD-9 + IVIGEpisodePatient number%EpisodePatient number%112,45294.481817498.8424763.612871.0531501.14340.054530.4410.015240.18510.016120.09610.01750.04710.01840.03810.01920.029001010.011000[^11]Fig. 1Cumulative recurrence rates of Kawasaki disease calculated by different case definitions. ICD-9 = International Classification of Diseases, Ninth Revision; IVIG = intravenous immunoglobulin.

3.4. Complication rate (coronary aneurysm) stratified by age {#sec3.4}
------------------------------------------------------------

The complication (coronary aneurysm) rates calculated by both methods in different age groups are summarized in [Fig. 2](#fig2){ref-type="fig"} . The average complication rate was 6.78% when calculated by using ICD-9 alone. However, the average rate was 7.24% when calculated using the ICD-9 + IVIG. As shown in [Fig. 2](#fig2){ref-type="fig"}, the complication rate was as high as 30% in older children using the ICD-9 alone. However, there were almost no patients older than 9 years with an aneurysm when ICD-9 + IVIG were used. This may reflect that patients who were admitted for a survey later in life were regarded as incidence cases if we used ICD-9 alone to identify Kawasaki disease in acute stages.Fig. 2Proportions of patients with coronary aneurysm in different age groups, using the ICD-9 data alone or the ICD-9 + IVIG data. ICD-9 = International Classification of Diseases, Ninth Revision; IVIG = intravenous immunoglobulin.

4. Discussion {#sec4}
=============

In this study, we used a specific therapy, IVIG, as the indicator of Kawasaki disease in acute stages and tried to reanalyze the epidemiologic features of this disease in Taiwan. The annual incidences of Kawasaki disease, which ranged from 21.5 to 68.5 per 100,000 person-years for children under 5 years, were lower than previously reported data obtained using the NHIRD.[@bib6], [@bib19] Previous reports using only ICD-9 coding to analyze claims data were subject to overestimation of the incidence of acute stages because physicians might code Kawasaki disease as the main diagnosis when patients had not been admitted for acute stages, for example, in case of admission for angiography, computed tomography, or coronary intervention. Moreover, because Kawasaki disease is regarded as a life-long catastrophic disease under the NHI scheme of Taiwan, physicians have to code Kawasaki disease as the main diagnosis for their patients to eliminate copayments when those patients are admitted due to other diseases such as enterocolitis or pneumonia.

The average incidence with IVIG therapy was 49.1 per 100,000 person-years for children under 5 years, and it was slightly higher than the incidence in Hong Kong (39) and similar to that in Beijing (40.9--55.1).[@bib2], [@bib8] From a geographic perspective, Japan and Korea have the highest and second highest incidences in the world, 239.6 and 105.0, respectively.[@bib9], [@bib10], [@bib13] Taiwan is geographically near to Hong Kong. Moreover, most people in Taiwan are descendants of Chinese people. Therefore, the incidence in Taiwan should be similar to that in China. Hence, from both a geographic and a genetic viewpoint, the results of our study are feasible. Some might argue that this method might underestimate the incidence of Kawasaki disease because there must be some patients who were diagnosed late and not given IVIG. However, Kawasaki disease is regarded as a catastrophic disease by the Bureau of NHI, and the cost of IVIG is covered. Pediatricians in Taiwan are familiar with Kawasaki disease. Therefore, we do not think that many patients were misdiagnosed, as we show in [Table 3](#tbl3){ref-type="table"}. Furthermore, if a patient was afebrile at the time of diagnosis, there was no indication for admission.

The seasonal clustering of Kawasaki disease in acute stages in our study was different from that of previous reports when IVIG therapy was used as the indicator. Two previous reports claimed that Taiwan had the most patients in summer.[@bib6], [@bib19] This may reflect that certain cases were repeatedly counted when they were not admitted for Kawasaki disease in acute stages. Our results revealed that the peak season in Taiwan was late spring to early summer (April--June). Spring is warm and humid in Taiwan, which facilitates the transmission of airborne infectious diseases. Moreover, our study showed that the incidence declined when the SARS outbreak occurred in 2003. Huang et al\'s[@bib6] study failed to take this phenomenon into account. At the time of SARS outbreak, people, including young children and infants, were confined to their houses and came in contact with others less often. As a result, transmission of viral illness among young children might have been reduced. This provides some support to one hypothesis about the pathogenesis of Kawasaki disease, which states that Kawasaki disease is an immune reaction caused by some kinds of infectious agents.[@bib1], [@bib15], [@bib24] Our results using IVIG as the indicator are similar to those found in reports from Hong Kong and Beijing and somewhat different from those found in reports from Japan and Korea.[@bib2], [@bib8], [@bib9], [@bib10] We believe that our results are more reasonable from both a geographic and a genetic perspective, as we mentioned above. When we counted only children older than 5 years of age, we found that the number of patients was highest in February, July, and August. These 3 months are winter and summer vacations in Taiwan. This finding might suggest that some children with a past history of Kawasaki disease were admitted for survey during their vacations. This phenomenon might have influenced the results of previous reports ([Table 4](#tbl4){ref-type="table"}, [Table 5](#tbl5){ref-type="table"}).[@bib6], [@bib19]

When we used ICD-9 alone as the indicator, the recurrence rate was 5.52%. It was higher than that of a previous report by Huang et al[@bib6] (1.5%). We believe that the discrepancy is caused by the shorter study period (2003--2006) of their report. Therefore, a certain number of patients were censored. However, the recurrence rate was 1.16% when we used IVIG as the indicator. In comparison with Japan (3%), the recurrence rate was significantly lower in Taiwan.[@bib10] The lower incidence of Kawasaki disease in Taiwan might contribute to the lower recurrence rate. These discrepancies also reflect a possible fallacy in the methodology of previous studies. As physicians code Kawasaki disease as the main diagnosis to receive reimbursement for catastrophic disease from the Bureau of NHI and avoid peer review, the recurrence rate should have been overestimated in previous reports.[@bib6], [@bib19] [Table 6](#tbl6){ref-type="table"} shows that 251 patients (1.9%) had more than two episodes of Kawasaki disease in the ICD-9 set. Kawasaki disease usually recurs only once.[@bib10] On the contrary, if we use IVIG as the indicator, only nine patients (0.1%) had more than two episodes. We believe that the patients who had more than five episodes were outliers. However, we do not think that the estimation of recurrence rate would not be influenced significantly using IVIG as an indicator.

Huang et al[@bib6] reported that the development of coronary aneurysms was associated with older age. When we used IVIG as the indicator of acute stages, this association disappeared. This reflected another possible fallacy in the methodology of previous studies. Children with a past history of Kawasaki disease and coronary aneurysms could be included in a survey when they reached school age, but that does not mean that they should be regarded as acute cases. Although older age has been reported to be a risk factor for coronary aneurysm in the United States,[@bib14] we do not believe that this association exists in Taiwan. Some might argue that the diagnosis of older children might be delayed and hence the timing of IVIG administration might be missed. However, it is hard to believe that all the patients older than 9 years were misdiagnosed and not given IVIG. Previous reports from Taiwan noted that older age, being a risk factor for complications, might actually reflect some patients who were readmitted for survey, and the disease in not for acute stages.[@bib6], [@bib19] The coronary aneurysm rates could be underestimated because the aneurysms could develop later, after discharge from hospital. However, in order to compare with previous reports,[@bib6], [@bib19] we adopted only the diagnosis codes at admission.

This study used data from the NHIRD, which includes almost the entire children population of Taiwan.[@bib22], [@bib23] We believe that it offers an accurate evaluation of the incidence and epidemiological features of Kawasaki disease in the study period. However, this study has some limitations. First, patients\' ID numbers were scrambled before being released to individual researchers, so it is almost impossible to test the validity of the results at the individual level. Second, the severity of aneurysm could not be identified by the diagnosis codes alone. Therefore, we do not know whether the aneurysm was transient or persistent after the acute stages. Third, laboratory test results were not included in the claims data. As a result, we could not analyze the association between laboratory data and disease severity.

In conclusion, using different case definitions in claims data analysis led to discrepancies. Previous reports might overestimate the incidence, recurrence rate, and complication rate in older children. The new method might slightly underestimate these parameters. The true incidence might lie in between these two methods.

This study was based, in part, on data from the NHIRD provided by the Bureau of NHI, the Department of Health, and managed by the National Health Research Institutes of Taiwan (Registration numbers 99171, 101070). Interpretations and conclusions contained herein do not represent those of the Bureau of NHI, the Department of Health, or the National Health Research Institutes. The fees for data claiming were received from Taichung Veterans General Hospital Research Fund (Registration number TCVGH-1016510D).
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[^1]: Incidence rate unit: 100,000 children aged under 5 years per year.

[^2]: \*\* *p* \< 0.001.

[^3]: ICD-9 = International Classification of Diseases, Ninth Revision; IVIG = intravenous immunoglobulin.

[^4]: Data were missing for 23 cases in the ICD-9 group and 12 in the ICD-9 + IVIG group.

[^5]: ICD-9 = International Classification of Diseases, Ninth Revision; IVIG = intravenous immunoglobulin.

[^6]: Statistically significant difference between two methods of estimating incidence by Poisson regression model.

[^7]: \* *p* = 0.41 for February, July, and August.

[^8]: ICD-9 = International Classification of Diseases, Ninth Revision; IVIG = intravenous immunoglobulin.

[^9]: \* *p* = 0.040 for February, July, and August.

[^10]: ICD-9 = International Classification of Diseases, Ninth Revision; IVIG = intravenous immunoglobulin.

[^11]: ICD-9 = International Classification of Diseases, Ninth Revision; IVIG = intravenous immunoglobulin.
